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^i-a<hi:^tc, M-^SLP, S LNtcioT-en-etLPMO s h^yv'y^^s 

4, NMOS 3 K^-f rHg:^<7)it^i2^-r. ai:^M^DOPj 

D ATAN j LT. ^>/^-iJ'3 7, P MO S h ^ > v X ^ 3 8 , NMO 

S h^>vX:5'3 9 *^^L-cm:^JDON j_B^I§^-r^i: t ^tc. jl-^SLP 
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i: LTKif^i-^^OT-^oT. M-^SLP, S L N L^^v^ , A:^Jt-'- 
^DATAPj= "H" , DATANj= "H" <7)J#-&tcm:^J/-^ "7 r liIJ^<7) p 
MOS ^'yyVT.^ 4 1;6^^^>. NMOS Y'yyVT.^ 4 -7 ht^i^X . >9\- 
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li^mmm H^o'v^r V D D t V D D Q <7)«f4l|7&^>h ^<=&o7'^i:^ (HI 2 <0^J 

mam: 2. ssv-i. ssv^o. 5 v]':j.toj#'^) <7)K)f^7&^^^ ^ n 

^Ox.{i\ WR I TEn-7> K^^ABf. V D D - V D D QmfiM1t^IlIS& 1 
tt'?) VDDi: VDDQ t<7)Jt^|t*<7)-9->7''; >^*^^'tft?ttT. -^Ofg:^, 

SLP7&^^"L" ^^;i^<h^-0> m-tS LN;^^^ "L" ]y^)]^t^j:^o 

9^ y^^mms 3, 3 4T'{i. m:':DOPj_B, DON j _B75^Vn^ lx^;i.fjj 
tc^-fbLT. mtlDQ '} (7) "L" (tF) ^ A§ < "T'BffiiE^&^tf 
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2 <7)fiJt:(i. mum : 2. 8V-1. 8V=1. 0 V \:X±.(D^^) (DW]\W7r^^ 
#flx.(f, WR I TEn-v> K^A^> V D D - V D D Q«iiM^^ll]S& 1 1^*3 

^:jxHctoT. ^HRE AD3v> Ka:At;|2&o;^cttl:'Jlijf^^tf 9 t K 
^-f /^IHj^^S 3, 3 4T-(i. m:t/DOPj_B, D ON j _B7&m 
IC^^tLT. ai:^DQjO "H" (n7.)V-\^-Y (tR) Ai < i-'2>MiE:6^'^T 
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^O^aJ<7)VDD-VDDQffif^:M^t^IlIJ^&{i^ US tc^i-J;^ tc. ||»jT>^ 
MiftT>yAg|5 5(i. ±m±i:^J-r-^ "L" <7)«JEP#TB#<7)X tf- K ( t F) 

z/thtimmmv DDQ(D ^j±itm^u a r 2 mfSM ^ ^^m -r -i) ^1* r > y <^ 

^oT:fc»}. ^JEJtlS^glSAR i<7)m:'j<7)y-rx^i^*L-ctti;':^^;i/^1ifti- 
^"7^;W;5^^fMi-^MOS#»AMl i:. ^J±itm^UAR 2 <Dmt}<7) y ^ X 
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mmryyBUeii. ±tcm:^T-*-^ "h" omi±_h#Bt<7)y(. tf- k (tR) 

ifw,timmmvDDQ<D jrti^^tp b r 2 <7)mitm^^kmir^mW]ry -ft^ h 

^o-cioO. ^JEJrbK^gRBR 1 <7)tti;'j<7)y ^x^|^^Lr/±l:^J^■-<;^^1i^t■t 
>57'f ;i^^=Srff^^f ^MOS#fiBMi i:. :9^l±Jtl5^^BR 2com:^JC7)y-rX 
^l^*LTai:^v^;w^lift-r^-7'r ;i-^^fMi-^M0S^*BM2 ii^^irL 
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>i>*lll^g|5 7{±. ^<7)^?ijtr{i. SDRAM-^OWR I TE n-v^ 
tt'fttt^tc-^-^T''; y^'^^=r^i±m.t Lxh^. WR I TEn-^y K<7)|&^Bf. 
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^i3EI3 ICiJV^T. 'ft-^EN_B(i. ^O^JOVDD- VDDQmflAlllt^ia 

hty y'f-m^Bh(D^ hir^fzi^<D')-t y h-ff-^-C^^o 
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hflJfflI|Dl|^8 H^v^T. NANDiDJ:?/NORIiIg&g|5 8 1 {±. Mx. 

(fDDR (ry^V'-f'-^ Ix- h) tdf^^tf ^ DR AMcOttl^'jx- ^co^ljf^^^fd 

(DT-^m-^D a t a j Rt. -eo t # (OtB:^/^ "7 r :t>--7';WS-^ (n>7^ 

NAND[aI]fS8 1 1 io J: r/N O R 01^ 8 1 3 <h . ^ y ^ '^^L'lbT:^^ ^ W^Z 

tiitl^^^f-zitXDT-^m-wD a t a j Fi:. ^(D t ^<Dtiit}^<y y r 4 ^--^ 

- h A^'jiii-^NANDIHS&S 1 2 iJ J: LKN O R [11^ 8 1 4 <h;6^^^oT(/>-i,o 
[0 0 3 0] 

tV9 ^m^UB> 2(±. NANDlPlJ^8 11,81 2 (DlHtJi^m^ ^ y i^ iW 
-^QCLK, QC LK_BtCt^oTSKLT. >f ^ 8 2 5 ^r^t ^±l:UT-'- 

^ D A T A P j ^fl^-f /i)^- MIIIK 8 2 1 , 8 2 2 N0RjE&8 1 3, 81 

4(7)tht}^^n^^ y ^m^QCLK, QC LK_BH|^^o-rillf^LT. ^ >/s• 
-- 8 2 6 ^^-cai:bT-'-^DATAN j ^ll^-r-i)^'- MlljE&8 2 3, 8 2 4 

[0 0 3 1] 

^L. T-'-^DATAP j ^Atl LT. ^ ^ Uli^ 8 3 1 , PMOSh^^' 

v;?.^ 8 3 2, NMOS V^yi/^^ 8 3 3 ^^LTIddtlD O P j _B ^f&^-T 
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^tti>{Z, 'fl-^SLP, S LNtCi oT-en-rtLPMO S h^>v>^^8 3 4 
, NMOS h v^v;^^ 8 3 5(7)K7^-rtg:fj<7)Jt^^x.T. m^^Jjf-^D O P j 

37DATAN j ^A:':jL-r> ^ >/^"-iJ'll]if§8 3 7, PMOSh9>v^^83 
8, NMOS h^>v>!>^ 8 3 9 ^^LTtfci:fjD0N j_B=&l§^1-^th^H 
.M-^SLP, SLNUioT-^-tL-ettPMOS h v>v;^^ 8 3 1 0, NMO 
S h ^>v7.37 8 3 1 1 <7) K^^ rtgtKT^jrb^^^x.T. m^^ffl-^DON j_BO 

;^t:- K (^^ ^ ^ij'') m^'kn^m2<D ^m^us 3 1 2 tim^x\^^ 

^ o 

[0 0 3 21 

>ltmJ:or, -iiU^ ^m^W^S 2 lZis\y^X. jf-^QCLK, QCLK_BH 

m-^s LP, SL-Nizmcxm^^j: v^y^ ymtimm-^m^tirz v^^^m^s 

3 HioT. jf-^DOP j_B, DON j _B:^^tiitl^tiho 
[0 0 3 3] 

tfz^ m:^I/^*y -7 tHI^S 4 li. EI 1 y 7 r 1111^4 iil^l^co 

fll^^WL. Vy^^mf^S 3 tCioTvi^k:- KPIS^ife^^K/iM-^D O P 3 _ 
B, DON j_B^y- hA;b t-C. ^^I-M^DQ j tcm^^^H^-r^PMOS 
h^>v>^^ 8 4 1. NMOS h^^vy^v^ 8 4 2 ^#x.TV>^o 
[0 0 3 41 

J':ilT. 114 t3:^$:tLfcx;v-V- MDl£&<7)i!j{^^|5£H^i-^o 
1114 H^^tL/^NAND^ctC/NORIUj^aSS 1 (Ci5V^T. NANDHJi^S 1 
^J'i-fl^i^n i^(7)tz:-t>_L^?t)B#mi>fflT-'-^jf-^D a t a j R^'?-<7)t^co 

ai:^i/^' -7 T ^> - r;i/M-^D o c r t <Dmm.^ t^x. mti^'^yyT^^^-y 

}l^mznU^u -y :^<DALib±t^^Wti^tfm-r-'$'m-^D a t a j R^mmiHtlL 
. H^ild^^y-y TT-'^ 7.^ ^^-y')Vm\Z{t^ ai^'jx-^DOPj B/6^VN-nx^;l. 
\,Ztj:^i.O^Z, U^)U(Dti!,t}^§^^-t;bo tfz. N A N D Uli^ 8 1 2 (i. 9\- 
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■7 r ^ ^> - y')Um-^D OCF t <7)|^S^ t o m:^J/N' "7 r - r^UBftC^i- 
[0 0 3 5] 

j R t^<7)t^<Dliit}^^y y r 4 ^^-y")\^m-^D OCR t(Dmm^ t-^X. H^tl 

j R^S:fsJtm:^L. m:^/^'y -7 TT-v tti:/:-?"-^ don j 

g&B 1 4 {i. ^'i^fPi^^n y i:^(7)5:*>T;e)^^»9B#l±l;'jfflT-'-^{t-^D a t a i F t^<D 
t^(Diiit)^^y y r ^ ^^-y^Mn-^DOCF tmmM'k t-^X, iHtiy^y yr^ 
^^-r;l/B^m^^n y ^<7)ji*>T7&^^J5Bfai:^fflT'-3'js-^D a t a j F ^j5Jt 

[0 0 3 6] 

•fe 1/ ^ ^ Elf&gB 8 2-e(i. 3X-r-hr-h82 1, 822 i;J:o-C. ai:^Jffl 
iiM^J'n y i^QC LK, QCLK B CTN ANDHIj^ 8 1 l<7)m;'j <h N A 
NDIUj^S 1 2(Diiitlt^^hmilRL. ^ yy<-9 8 2 5 -C^KfE LTtti:': f-'- ^ D 
ATAP j ^;^^L. 3>^-r-hy"-h823, 824lCj:oT. tB^'jffl'jBM^ 
n-yi^QCLK, QCLK B US N O R SiEl 8 1 3 Otti:^ t N O R 01^ 8 
1 4(?)ffi:^Ji:75-^^^L. 8 2 6 -eRlELTm^^lT-*-^ DAT AN j 

m^<0 ¥y^^m^?> 3 i:m:tl/^-y 7TlIIi^8 4 (7)l&f^(i. 01 

[0 0 3 7] 

$lil^;^j^«^l|ji^^lJi0Ji-'i)o IwmitljBV^Tti. VDD=2. 5V, VDDQ=1 
. 8 V^O^-^cT^DDR SDRAM(D^t37'~-^<^^)^~-l^-YnmWii^^7r^ 
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[0 0 3 8] 

^i^fi^^Ht;»-S)\^TVDD<i: VDDQCDmfiM7{>^>h$ < 4^o/j<i: § (EI 5 0 15(1 T 
{±^mfi^:2. 35V-1. 85V=0. 5 VmrcoJ^-^) {i. WR I TE rJ 

M-^S LNtS^^ "L" ^^;i/i:>^^o 
m:/J $ ^ n y Q C L K<7)tL*)±/6^») Hi oT. -r'-^Da t a j 

mx-. 9Uyi7QCh K_B (7)jz:*>_h:6? 0 J: o t"- ^ D a t a j F ii^mt} 

Cint^ctoT. -feV^? i5'IlIOT^^Tta:tJ^nfjT'-^DATAP j , DAT 

ANjH^^LT. K^^^^mi^S 3 tCiSV^T. 'fS-^S L P, SLNtcSi:TPM 

j_B, DON j _B75ii'tb;(j^tL, ai:^l7"-^DQ j <7) "L" <7)>(.;l/-^- h ( 

tF) <i-;i>MiE7i>^^tf^tL^o 
[0 0 3 9] 

t fz ti^e^J^H H^o^u^T V D D h V D D Q (DW&.m.iJ^iK ^<^j:^fzii^ (HI 5 
<7)M-e{i. «f£ll : 2. 8V-1. 8V=1. 0 VJ^:JL±<7)J#'^) ti, WRITE 
a-ry Vi^xn. V D D - V D D Qmf5M1t^IlIl^t'i3tt -?> V D D <h V D D Q <i: 
OJtic^:f:<^-9-:^7°'; >i^'/6^^^f^tLT, -eolS:^. M S L P tS^^ "H" 
^«9. m-^S LN7&^ "H" U^)\yt^j:^o 

^CREADn-e> FJSA m:or. m^fj/N'u/ 7 r r;Wf -^D O C R76-' 
mt) ^ *T-fzi-kmX\ ^ u y ^ QCLK<DAL^±:^^y) [zX-oX^ T"'- iJ' D a t a j 
R>^>^'m;b$tL'i)o S/vi. mtl^'^yyT4^--y^)^m-^D0CF'/)^-^^ti!,:fj^tifz:\k 
mx\ y ^ QCLK_B<D^ib±:^^^ iZX-oX^ -r*- ^ D a t a j FTS^'tti:^ 
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«ltHCj;oT. -tl^^ ^HM^flTm^l^tLfcT-'-^DATAP j , DAT 

ANjU^tLT. ^/smi^$piC;f3V^-C, -fi^S L P, S L N P MO 

_B, DON j_B;6^'m:^$n. {±l:^T-'-^DQ j <7) "H" <7)>?.;i/-P- h (t 

R) <-r^miEm7t>ti^o 

[0 0 4 0] 

C<7)J;^i;, t^^ODDR SDRAM-^fi. V D D - V D D Q<0« 

[0 0 4 1] 

ij^<DM,i^m^j3^coiniz^\^^xum'r^o mm^zio^^^xa^ vdd = 2. 5v, 

VDDQ=1. 8V^<7)DDR S D R AMO^t-^tCO V^T. V D D t D Q 
SQ(DQS to DQ skew;C:«l't:\DQS=Data Strov 
e.DQ = Data Output ) <7)v 5 jx v a >|S:^^^L. VDD 
m i n (2. 3 5V) BfO^lJ ^ H 6 IC. VDDma x (2. 8 V) B#<7)^IJ^EI7 
i>Z7j^LX\^^^o =S::ib\ tDQSQti. ttl:^T-'- > K'><7)afc#<7)Jt-^V>^^ 
i-7ta6tCfflv^7t:AC#tt^ii-e*o-C. JEDEC (Joint Electron Device Engi 
neering Council : m^m^t^WiM^Wm'^) T'^r^fk^ tiT , DDR S 
DR AM<7);^^-;; ^ (JESD79R1, JESD79R2) ll^l.^^ tLT</^^ 

[0 0 4 2] 

El 6 ^#HS1-^ ^: , VDDQOW^;i^;^5';^;l/-lx- h^^^lx'^;!/ (|16<7)i^*^ 
•7-e(i*1jl. 85V#ia) t^j:^fz:mmx\ in^SLF<DONy^OFF<DW^m 
^^^^t>ti^Zti}^7jk^tiXy^^^o ZZX\ SLP ON(i, 'fg-t S L P " L 
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" U^)l^t^j:^Zt'kitf^L. SLP O F F (i. M-^-S L PtS^^ "H" U^)\^t 
^j:^Z.t^^MtX\^^^o 4^*3, ll6<7)^^7tC^$tL-rv>^ VDD-VDDQ 

v^Jt-^lC, VDDQtCft^^lc, SLP OFFVtm^mnLfzm^. ttcHS 
LP 0N^:*ci^^$i^L/::*#'^<7) t DQSQ<7)'Mk^> *ffllliaicJ:oT. SDR 

AMxVsvf xc7);§-M0 S >^ V 3 >tciott-?)i^?^ (110° C) <i:. ( 
-5° C) <7)>etL'en«^^f^<7)i#'&tlov^T^LTv^^o 
[0 0 4 3] 

meo^ll/i^^^ibTj^^ct^ tc, tDQSQmaxi^it/tDQSQmi 
m-ki'. V D D Q (DMiiimit:^^^ C Ttiif-^O t D Q S Q ^ < >^ o T 

. t DQSQ0 7->^ h1ii75^^efc#$ti.-Cv^^o 
[0 0 4 4] 

0 7 ^#HSi->2, VDDQ<7)U^;i/:6s';^;U-l/- (Ill7<7)^rv 
■7-eii^tJl. 8V#ia) M^S LN<7)ON/OFF<7)^i9^;i 

7i>^'^f5btL^^^:5i)^'^$nTv^^o SLN ON(i. -ft-i-S L "H" 

U^)Vt^j:^:it^MML. SLN OF F{i> -fS-^S LN;^^ "L" 

<5:?r^i*LTV^;E>o 'fc:^. IH 7 Oi^*^ 7 tc^^^TV^;!, V D D - V D D Q<7) 

«^^M(o^^^^T-e{i. -g-tc s l p o f Fo^i^.-r-^^o 

-otz^ji^-u- vpm^^7t>^j:\^^m^iz. vDDQizmm^iz. sln off 

t^t^.^^WL/cit^. t/ctiSLN ONm^^^^Lfci#^<^ t DQSQO^ 
fb=^, Iffl^Mt^cfcoT, SDRAMr-Vsvf ;?,(7);§.M0S v>>^ V3 ^tliSlt-i) 
(110° C) jgiia (-5° C) <D^itl^tl<Dmi^(Di§^iZ^^^X7jkL 
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[0 0 4 5] 

mi <7)^^-A-hmh^^^j: X o liZ, tDQSQmaxioir/tDQSQmi n<D 
^t^i;, V D D Q <Dmii^it:^^'± C fzm^(r> t D Q S Q (Dm^iUiJ^^h ^ < 4^ o T 
. t DQ S Q<7)7->^ hjii;655fc#$;a-CV^^o 
[0 0 4 6] 

^7)^4'<J: 9 ^<7)15!j(7)tH;0T-'-^(7)x;ix-l/- h tlJt^:^^t; J: '2>MiE;^^^f ^ti 
tDQSQM(±. VDD- VDDQ<7)m^^M^;^^|-r^^»^>6M^$ < 4- 

f)^ 'e<7)lS*. t DQ s Qco*?-;^ hfli7&^'5S:#^tL-c. m:^T-'-^ -r > k-^t!*^^ 

[0 0 4 7] 

tmmx^h^K VDD-VDDQmfiM^^lliaSt3i3tta. VDDhVDDQ 

1->^:b*). ^l^M^J-eti. VDD<f: VDDQ<7)mf3AMitie*Sm<7)^^>7°'; > 

{i. ^Ot^-^m?!^ ^<7)t^ii4^ < , >E?y£{f, SDR AMOiftf^^- K^Ig^-T'S 
/::i601x ^ t;^tt"'&-t K-e^^MRS (Mode Register Set ) n 

h 3T> EMR S (Extended Mode Register Set) 3v> K^, SDR 

KM.<OXir^^^(D'^'^\t^ii^7f^-^^'=i-^y KT-*'5>ACT I VE=/-r> K^. SD 
RAM<7)M<;^mL^*g^i-^RE ADn-7> Kco^tt#ttB#-e* o T ^ J: v^o 

MR S K^ctt/EMR S Kfi. mi^co J E D E C (^x*- ^ 
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[0 0 4 83 

R S:=''r> VtfzliEMR S KHJ^". DTSiJ<7) 1/ v'y^ ^J' Hf^^ LT. ^<7)iS 

[0 0 4 93 

^^h-:^xiiZ(Dmni^^tn^o n^i:^. ^iMMMx-it. vdd-vddq« 

BU) ^^L. t FP^ffl<7)jf^s L P t RP^fflOjf-^S LN i:/^-^?^^ 

i/- ^*Lni5g?>-r. N (N>2) mm<7)mmryfmm 

Ix- h^ijf^p^tf d J: ^ t^i"-?) c: <!; 13 J: oT. ^i6(Dmt^^^>^)^-l^- 
hm^i^Td ^i:/i>^-ei;^ ct^tc^^o 

[0 0 5 03 

S D R A M^<7) ai / -y7 T tt ^ :^ - 1^ - h ^ijfa ^ ^ > mamm: 

tc^o'v^-r. mtsr-^<D::^)i~-u~vmm^n'i J^ii>zLfz(Dx. iH^mmY 
DDt mtsmmrnvD DQt <7)^tL^^fL(Dm4^y-m±<^m.^^t>^:^^ ^ =^ ^ 7 - 
h^i^Tizio\.^xi>. mtjr-^ y ^ y vy^\ti±Lx^ ^^LfzMMr-^ 
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mi] 

[EI 2] 
II1I3] 

|B]^]6&1^J i3 tt -6 V D D - V D D Q ^ ^-ria 
[I1I4] 

[HIS] 

[me] 

n%WS^<r>^tiT~-^(r>7.)\y-V- h$IJtft;^^Hi3lt^ VDDm i nBt(7) t D 

Q s Q<7)ei#^^-riil-e^>&o 

[EI71 

|W|||M^!|C0tii:^T-'-^<7)X;i/- 1/- h$lH^:^^tCi5lt'& VDDma xBfO t D 

Q s w^m-^Tf^-^mxhho 

1 VDD- VDDQSfiM^t^IlIS& («fS:Mt^^^^) 

2 h^iJf^HIi^ (^'.^v-P- 

5 mmryy'AU imi(ommryy°^^) 
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8 vmmm^ hm^M^^) 

8 1 NANDi3J:?/NORIlIg&g|5 (^ailllj^^^) 

8 2 "tu^ ^m^^ {"tu^ 9mm^^) 

8 3 K ^ ^ ( K V ^ ^■^lai^^lS) 
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DOPLB 
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mm] 

D D ^ 2 (nmMM D D Q t <7)m^^M<7)^i^-^^t^ LTRf^^ ^ > ^J^'-Cll 1 O 

<7)<i-^S LN=^^^-r^ VDD-VDDQmfi^^^mgS 1 Ill co-ff-^S L 

[ii^^lH] in 1 
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